Fifty-eight clinical isolates of Streptococcus pneumoniae serotype 6B, including 16 from Alaska, 14 from Arizona, 11 from Washington, and 17 from seven additional states, were analyzed. The antibiograms of these isolates were assigned to 10 antibiotic profiles based on their susceptibilities to penicillin, erythromycin, tetracycline, and trimethoprim-sulfamethoxazole. Thirty-two (55%) of these isolates were penicillin nonsusceptible, while 21 (36%) were intermediate or resistant to three or more antibiotics. The restriction endonucleases ApaI and SmaI were used to digest intact chromosomes, and the fragments were resolved by pulsed-field gel electrophoresis (PFGE). The ApaI and SmaI PFGE patterns were combined, and 13 of the 16 Alaskan isolates showed indistinguishable PFGE patterns. One other isolate exhibited highly related ApaI and SmaI PFGE patterns, differing by only one band after restriction with ApaI. Among the 14 isolates from Arizona, 1 was indistinguishable from the predominant ApaI and SmaI PFGE patterns seen in the Alaskan isolates; 5 others were highly related (؎1 band after cutting with either enzyme) to the Alaskan isolates, suggesting a common ancestral origin. Of the remaining eight isolates, six additional ApaI plus SmaI PFGE patterns were observed. The 28 isolates from the various contiguous states had 22 ApaI plus SmaI PFGE patterns. No correlations were found between specific PFGE patterns, antibiograms, dates of isolation, or geography. The serotype 6B isolates across the contiguous United States were genetically diverse, while the 6B isolates from Alaska appeared to be much less diverse.
Streptococcus pneumoniae remains a leading cause of bacterial pneumonia, otitis media, sepsis, meningitis, and bacteremia worldwide, resulting in significant morbidity and mortality. In the United States it is estimated that S. pneumoniae is responsible for at least one-fourth of all community-acquired pneumonia (6) . Over the past decade in the United States, there has been an increase in the number of reports of pneumococcal isolates that are either moderately or completely resistant to penicillin, erythromycin, and trimethoprim-sulfamethoxazole (TMP-SMZ) (28) . Isolates resistant to these antibiotics appear to belong to a few selected serogroups and/or serotypes (6B, 14, 19F, 23F, 9V) (1, 11, 14) . These serotypes are commonly associated with invasive disease and are most frequently isolated from children with serious infections (4) .
In Alaska, the highest reported rate of invasive pneumococcal disease exists among Alaska Natives, specifically Yup'ik Eskimo infants, from the Yukon-Kuskokwim Delta (YKD) region, where 1 in every 40 infants is diagnosed with the invasive disease during their first 2 years of life, a rate of 1,000 per 100,000 per year. This rate is 8 to 10 times higher than for other U.S. population groups (7, 10) . Many more cases of pneumococcal disease go undiagnosed because of inaccessibility to culture before empiric antibiotic administration (10) . In Alaska since 1986, there has been a 6.5-fold increase in the occurrence of pneumococcal isolates causing invasive disease that have reduced susceptibility to penicillin (MIC Ն 0.125 g/ ml), an 8-fold increase in ceftriaxone resistance (MIC Ն 2 g/ ml), a 12-fold increase in erythromycin resistance (MIC Ն 1 g/ml), and a 26-fold increase in TMP-SMZ resistance (MICs, Ն4 and 76 g/ml) (24) . The highest rates of penicillin-nonsusceptible and multidrug-resistant pneumococci have been found among Alaska Natives of the YKD region of the state. These isolates now represent Ն30% of the total S. pneumoniae isolates from the YKD area. In the last few years, these isolates have spread to other areas within Alaska. Of these isolates, a majority (80%) have been identified as serotype 6B (24) .
In this study, we utilized pulsed-field gel electrophoresis (PFGE) to analyze susceptible and multidrug-resistant invasive pneumococcal serotype 6B isolates from Alaska and Arizona, where high rates of pneumococcal disease in infants are also seen (9) , to determine if these isolates are genetically related. For comparison, 6B isolates from Georgia, Maryland, Massachusetts, Oklahoma, Ohio, Texas, Washington, and Wisconsin were included.
MATERIALS AND METHODS
Bacterial isolates. Sixteen Alaskan isolates of serotype 6B were selected from pneumococci submitted to the Arctic Investigations Program, located in Anchorage, Alaska, as part of statewide surveillance. This group of isolates included penicillin-susceptible and intermediate isolates, represented a range of susceptibilities to three other antibiotics (TMP-SMZ, erythromycin, and tetracycline), were from patients from various service units of the state (Anchorage, 2; Interior, 1; YKD, 13), and were spread over a period of 10 years (1982 to 1992 Disease Control and Prevention, Atlanta, Georgia, were also analyzed. All isolates were serotype 6B, and most were from children less than 3 years old.
Antimicrobial susceptibility testing. Susceptibility testing of 6B isolates from Alaska, Arizona, Georgia, Maryland, Massachusetts, Oklahoma, Ohio, Texas, and Wisconsin was performed by the standard agar dilution method, as described by the National Committee for Clinical Laboratory Standards (NCCLS) (23) . The following antibiotics were tested: penicillin, erythromycin, TMP-SMZ, and tetracycline. The susceptibilities of isolates from Washington were determined by broth microdilution methods, as described by NCCLS (23) , with the exception of tetracycline, the susceptibilities for which were determined by the ability of the isolates to grow in the presence of 10 g of the antibiotic per ml. The MIC was determined to be the lowest concentration of antibiotic that inhibited growth. For the purposes of this study, penicillin-intermediate isolates were defined as having a MIC of Ն0.125 g/ml, and resistant isolates were defined as having a MIC of Ն2 g/ml. TMP-SMZ-intermediate and -resistant isolates were defined as having MICs between 1/19 and 2/38 g/ml and Ն4/76 g/ml, respectively. Resistance to tetracycline was defined as a MIC of Ն8 g/ml; erythromycin-intermediate and -resistant isolates were defined as having MICs of 1 to 2 g/ml and Ն2 g/ml, respectively, with NCCLS breakpoints (23) .
DNA preparation and restriction enzyme digestion. Bacteria were grown for 18 to 22 h at 37°C in 5% CO 2 on Brucella agar plates (Difco Laboratories, Detroit, Mich.) supplemented with 5% sheep blood. Bacterial cells were resuspended in 2 ml of Mueller-Hinton broth (Difco) to an optical density at 560 nm adjusted to read between 0.4 and 0.6. The cells were centrifuged at 10,000 rpm for 2 min at room temperature and washed with 1.0 ml of buffer A (10 mM Tris, 1 M NaCl [pH 8.0]). The bacterial pellets were resuspended in 500 l of lowmelting-point agarose (Bio-Rad Laboratories, Richmond, Calif.) prepared in 0.5ϫ TBE (45 mM Tris, 45 mM boric acid, 1 mM disodium EDTA [pH 8.0]) held at 50°C. Three hundred microliters of each bacterial suspension was poured into Plexiglas molds (Bio-Rad). After solidification, bacteria embedded in the agarose blocks were incubated in 5 ml of TE buffer (0.01 M Tris, 0.001 M EDTA [pH 8.1]) supplemented with 1 mg of proteinase K per ml and 1% sodium dodecyl sulfate at 50°C for 72 h. Blocks were washed with TE buffer three times at room temperature for 15 min each and stored in TE at 4°C. Gel plugs were cut from the block and digested with 35 units of enzyme overnight in 150 l of sterile distilled water with 22 l of the appropriate 10ϫ restriction buffer. Two enzymes with rare recognition sites were used: ApaI (Promega, Madison, Wis.) recognizes 5Ј-GGGCCC-3Ј; SmaI (Promega) recognizes 5Ј-CCCGGG-3Ј. Both of these enzymes have previously been used for PFGE analysis of S. pneumoniae chromosomal DNA (5, 11, 12, 13, 16, 20, 27) .
PFGE. The digested DNA plugs were placed in wells of a 1% agarose gel (SeaKem; FMC Corp., Rockland, Maine) prepared in 0.5ϫ TBE (pH 8.0) and sealed with 1% low-melting-point agarose at 50°C. The digested DNA plugs were electrophoresed in a contour-clamped homogeneous electric field apparatus (CHEF DRII; Bio-Rad) with initial to final switch times ranging from 1 to 15 s at 175 V for 20 h with SmaI-digested DNA plugs and for 22 h with ApaI-digested DNA plugs. Gels were stained with ethidium bromide solution (1 mg/ml) for 1 h, destained in distilled water for 4 h, and photographed under UV transillumination.
Analysis of PFGE profiles. Analysis of PFGE profiles was performed by visual inspection of photographs of ethidium bromide-stained gels. The total numbers of visible bands were counted for each isolate, and patterns were compared. Once isolates were recognized as having identical patterns, a representative of the group was used to compare its pattern with those of similar isolates. ApaI digests yielded patterns of 10 to 15 fragments of 48.5 to 242.5 kb. SmaI digests yielded patterns of 8 to 10 fragments of 48.5 to 242.5 kb. Isolates were assigned to a major pattern designation (A1 or S1) when they showed the same PFGE pattern and to the same subtype (A1 1 , S1 1 , etc.) when band differences were consistent with a single genetic event (one to three band differences), as previously described (5, 33) . Isolates that differed by more than three bands were considered unrelated (3, 33) . This is more restricted than suggested by Tenover et al. (31) , whose guidelines were intended for use in analyzing isolates obtained during potential outbreaks spanning short periods of time.
Coefficients of similarity (CS ϭ number of shared bands ϫ 2 ϫ 100/total number of bands in the two samples) were determined for some isolates as a means of quantitating the relatedness or lack thereof among these isolates (11, 12, 18, 20) . When PFGE patterns between isolates following digestion with one restriction enzyme were compared, the CS value was given as a single percentage, whereas a range of CS values was given when isolates were analyzed after digestion with two restriction enzymes. Isolates with CS values of more than 80% were considered to be related. In addition, relatedness of two isolates was considered to be greater when the PFGE restriction patterns for both enzymes gave indistinguishable patterns than when only one of the two enzymes gave indistinguishable patterns.
RESULTS
Antimicrobial susceptibility. A total of 58 isolates were analyzed ( Table 1 ). The isolates were assigned to 1 of 10 antibiotic profiles based on their susceptibilities to penicillin, erythromycin, tetracycline, and TMP-SMZ. Overall, 32 (55%) of the isolates were intermediate or fully resistant to penicillin. Isolates from both Alaska Native and Native American patients accounted for 21 (66%) of the penicillin-nonsusceptible isolates. Twenty-nine (50%), 22 (38%), and 14 (24%) isolates were intermediate or fully resistant to TMP-SMZ, erythromycin, and tetracycline, respectively. Twenty-one (36%) of the 58 isolates were resistant to three or more of the antibiotics tested. Isolates susceptible to all four antibiotics (profile A) were from geographic regions other than Alaska ( Table 1) . The majority of isolates (86%) from Arizona were susceptible to three or more of the antibiotics tested (profiles A and B). Isolates fully resistant to penicillin (profile C) were from Texas (four isolates) and Georgia (four isolates). All of the seven isolates that showed intermediate or full resistance to all of the antibiotics tested (profile E) were from Alaska.
Analysis of pneumococcal DNA by PFGE. The stability of ApaI and SmaI PFGE patterns was determined by selecting one isolate (4463) and looking at the PFGE patterns before and after 50 in vitro passages (data not shown). In addition, reproducibility of the PFGE patterns was established by repeated testing of the same isolate on separate occasions on different gels; all such tests yielded identical PFGE patterns, suggesting stability of the PFGE patterns. All isolates were digested with ApaI and SmaI, and the PFGE banding patterns were visually compared. Figures 1A and B show representative PFGE pat- terns of DNA digested with ApaI and SmaI, respectively, from isolates taken from the different geographic locations. Thirteen of the 16 Alaskan isolates showed indistinguishable PFGE patterns (A1 S1), while one isolate (4457) was highly related (CS ϭ 97%), showing one extra band after restriction with ApaI (A1 1 ) and an identical SmaI pattern (S1) ( Table 2 ). Among the 14 isolates from Arizona, 1 isolate (1130) was indistinguishable from the predominant ApaI and SmaI PFGE patterns seen in the Alaskan isolates (A1 S1); 5 others (2398, 2402, 2404, 2396, and 2399) were highly related (A1 1 plus one band between 145 and 242 kb, A1 2 minus one band between 48.5 and 97 kb, S1 2 plus one band between 97 and 145.5 kb, and S1 3 plus one band between 48.5 and 97 kb) (CS, 90 to 97%). Thus, these 20 isolates from Alaska and Arizona are likely to have had a common ancestor, and we believe they represent a clone. Six additional combined PFGE profiles were seen in the remaining eight isolates from Arizona (Table 2) . Of these, isolates 1133 (A4 S6) and 1134 (A4 1 S6) were indistinguishable from each other except for an extra band in 1133 after cutting with ApaI. In addition, isolates 2400 (A6 S3) and 1131 (A6 S3) were indistinguishable.
Among the 28 isolates from the other eight states, 22 additional combined PFGE patterns were present. Of these, several clusters of isolates with related PFGE patterns were identified. The first cluster included isolates 3371 (A10 S14 1 ) and 2772 (A10 S14) from Texas, which were indistinguishable except for one extra band after restriction with SmaI (CS ϭ 95%), and two isolates (2946 [A10 1 S1 3 ] and 25 [A10 2 S5 1 ]) from Washington. These four isolates had highly related ApaI PFGE patterns (A10, A10 1 , A10 2 ) but different SmaI PFGE patterns (CS ϭ 83%). The two isolates from Washington appeared to be quite different after restriction with SmaI (CS ϭ 78%) and therefore are less likely to be related to each other c Each ApaI and SmaI PFGE pattern was assigned a letter and number designation (A1 to A26, S1 to S20); isolates having patterns that differed from these patterns by one to three bands were considered closely related and were clustered into subtypes, e.g., A4 1 . or the other two isolates in this cluster. Another cluster of isolates (2773, 1456, 467, and 3205) had highly related ApaI (A11, A11 1 ) PFGE patterns. Three of these isolates were from Georgia and were indistinguishable after restriction with SmaI (S8), while isolate 2773 from Texas showed a similar SmaI PFGE pattern (S8 1 ). The third cluster included isolates 1153, 1247, 171, 174, and 2494, with highly related ApaI (A19, A19 1 ) (CS ϭ 96%) PFGE patterns but different SmaI PFGE patterns (S1, S8 1 , S12, S12 1 ) (CS, 80 to 83%).
Correlation between antibiogram and PFGE patterns. Of the cluster of 20 isolates with related PFGE patterns, 13 (65%) were intermediate to penicillin; the remaining 7 were susceptible. Eleven of these isolates were intermediate or fully resistant to three or more of the antibiotics tested (profiles C, E, and G). The five isolates that shared the PFGE ApaI pattern A1 1 were susceptible to all of the antibiotics tested, except for one isolate (4457) which was intermediate to penicillin (Table  2 ). All five isolates were from Arizona patients.
Among the 16 isolates from Alaska, three predominant PFGE patterns (A1 S1, A2 S2, and A3 S1 1 ) and nine different antibiograms were seen (Tables 1 and 2 ). Fourteen (88%) of these isolates were intermediate to penicillin and showed seven different antibiotic susceptibility profiles to the other three antibiotics tested. The remaining two isolates, 917 and 4463, were susceptible to penicillin but resistant to one other antibiotic (profiles D and H).
Among the 14 isolates from Arizona, seven PFGE patterns (A1 S1, A4 S6, A5 S5, A6 S3, A7 S4, A8 S5, and A9 S7) and four different antibiograms (profiles A, B, D, and F) were seen. Seven (50%) of these isolates were fully susceptible to all four antibiotics tested. Five (36%) were intermediate to penicillin and fully susceptible to the other three antibiotics.
The remaining 28 isolates had 22 combined ApaI plus SmaI PFGE patterns and were found in all 10 of the different antibiograms (Tables 1 and 2 ). Sixteen (57%) of these isolates were susceptible to penicillin; the remaining 12 were either intermediate or resistant to penicillin. Within the first PFGE cluster (3371, 2272, 2946, and 25), all isolates were penicillin nonsusceptible, resistant to TMP-SMZ, and susceptible to tetracycline. Within the second PFGE cluster (2773, 1456, 467, and 3205), all isolates were resistant to penicillin, TMP-SMZ, and erythromycin. Antibiograms within the third PFGE cluster (1153, 1247, 171, 174, and 2494) were variable, ranging from fully susceptible to multidrug resistant (Table 2) .
DISCUSSION
Phenotyping and genotyping methods are increasingly being used to monitor the source and transmission of disease, as well as the emergence of strains with increased pathogenicity. While serotyping and antibiotic susceptibility testing have been the most common epidemiologic tools for typing pneumococci, they have relatively limited discriminatory power (2). In contrast, genotyping methods such as multilocus enzyme electrophoresis (MLEE) (8, 15, 22, 27, 32) , ribotyping (19, 29) , and PFGE (5, 12, 18) have shown greater discriminatory power for isolates within a single serogroup and have provided evidence for clonality and intercontinental spread of particular drugresistant pneumococci (8, 11, 19, 21, 25, 26) . In this study, we utilized PFGE following ApaI and SmaI restriction digestion of chromosomal DNA to determine genetic relatedness between pneumococcal serotype 6B isolates from different geographic locations in the United States.
The combined PFGE profiles observed in the Alaskan isolates indicated that these 16 isolates are ancestrally related (CS, 90 to 97%), suggesting a common origin. These isolates with the combined ApaI and SmaI pattern A1 S1 were recovered over a 10-year period and had variable antibiograms, with the majority (88%) showing intermediate resistance to penicillin. This suggests that combined PFGE patterns can be relatively stable over a number of years, even as antibiograms change. Six of the 14 isolates from Native American patients from Arizona had ApaI and SmaI PFGE patterns that were highly related to those of the Alaskan isolates (CS, 90 to 97%), suggesting a common ancestral origin. However, these six isolates, with the exception of one (1130), were fully susceptible to all of the antibiotics tested, suggesting that one penicillinsusceptible Alaskan isolate (917) may represent the ancestral organism for these penicillin-susceptible Arizona isolates.
The PFGE patterns of the remaining isolates were heterogeneous, with no more than five isolates having the same ApaI or SmaI pattern (CS ϭ 95%) and no more than four isolates having the same combined ApaI and SmaI PFGE patterns (CS ϭ 93%) ( Table 2 ). This is comparable with other studies that have shown that isolates of the same serotype are not necessarily more closely related to each other than isolates of different serotypes (5, 8, 11, 16, 26, 27) .
To increase the discriminatory power of PFGE, we used two enzymes for typing purposes. In several cases (the smaller clusters of four to five isolates), the use of three enzymes would have provided greater discriminatory power, as previously described for other bacterial species (33) . SmaI digestion, which has been used by a number of laboratories (3, 5, 16, 19, 27, 30, 34) , was found to be less discriminatory than ApaI digestion for these isolates.
MLEE has been previously used to subtype pneumococcal isolates (12, 19, 21, 27, 32) . Versalovic et al. (32) , using MLEE, reported that penicillin-resistant serotype 6B isolates from Alaska were genetically related to Spain, Iceland, and Texas 6B clones. These researchers suggested that common resistant isolates from diverse locations share a recent ancestor or that isolates of a particular phylogenetic lineage are predisposed to develop penicillin resistance. In contrast, penicillin-susceptible pneumococcal 6B isolates presented a heterogeneous collection of multilocus enzyme genotypes (21, 32) . While MLEE analysis detects mutations in a variety of genes for metabolic enzymes throughout the entire chromosome, the polymorphism obtained with PFGE fingerprints has been found to be greater than that obtained with MLEE analysis (17) ; thus, PFGE has the potential to further subdivide pneumococcal isolates judged homogenous by MLEE analysis. Therefore, it will be of interest to compare a larger sample of Alaskan pneumococcal 6B isolates, including penicillin-resistant isolates, with the 6B clones in Iceland, Spain, and Texas by PFGE to assess the relatedness of these pneumococcal clones. It is not known whether the serotype 6B isolates used in this study are identical to those used in previous studies.
In conclusion, this study shows that serotype 6B isolates across the United States are genetically diverse and that 6B isolates from Alaska are genetically less diverse by PFGE analysis, suggesting clonal spread. Whether this clone emerged independently or represents an episode of geographic spread remains to be determined. Our data also show that antibiograms may or may not correlate with specific PFGE patterns.
